In the course of our work into the use of cane byproducts, we have studied the isolation and structural determination of bioactive compounds in sugarcane molasses. In this study, three stereo isomers of syringyl glycerol 3 0 -O--D-glucopyranoside, three stereo isomers of guaiacyl glycerol 3 0 -O--D-glucopyranoside, a syringyl glycerol 2 0 -O--D-glucopyranoside, tachioside and a 2,3-dihydro-3,5-dihydroxy-6-methyl-4-(H)-pyran-4-one (DDMP) were isolated from the 25% methanol eluate by Amberlite XAD-2 column chromatography of sugarcane molasses. The structures of these compounds were determined on the basis of spectroscopic evidence. These isolated compounds were examined for their scavenging activity against 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical species, and for their inhibitory activity against mushroom tyrosinase. All of the isolated compounds showed DPPH radical scavenging activity, while DDMP and tachioside showed mushroom tyrosinase inhibitory activity.
Sugarcane molasses are a by-product of sugar refining which are produced during the crystallization of sucrose from the cane juice. Molasses are currently used as an animal feed and bio-mass resource of ethanol and glutamine, and as a lactic acid fermentation resource. There could also be uses as a functional food material and cosmetic material, because molasses contain a high concentration of sugar substances and minerals, as well as many phenolic compounds. In the previous work, we have identified antioxidative phenolic compounds in noncentrifuged cane sugar. 1) Payet et al. have identified phenolic compounds in cane brown sugar and assessed their free radical scavenging activity. 2) In addition, tachioside has been cited as a mushroom tyrosinase inhibitor from molasses.
3) Tyrosinase catalyzes the oxidation of phenolic substrates to o-quinones, which are then transformed into melanins in a series of nonenzymatic reactions. 4) Tyrosinase inhibitors have become increasingly important as cosmetic 5) and medicinal 6) products in relation to hyperpigmentation. Several compounds such as arbutin, 7) kojic acid, 8) catechins, 9) hydroquinone, 10) and resveratrol 11) have been reported as tyrosinase inhibitors which are used in depigmentation drugs and cosmetics. In our continuing search for functional compounds from sugarcane production, other 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging compounds and mushroom tyrosinase inhibitors were isolated and identified in molasses from the 25% methanol eluate by Amberlite XAD-2 column chromatography. In addition, the mode of inhibition for the strongest isolated tyrosinase inhibitor was also investigated.
L-(+)-ascorbic acid was purchased from Kanto Chemical Co., Inc. (Tokyo, Japan). Amberlite XAD-2 resin (Organo Co., Tokyo, Japan), preparative C 18 resin (55-105 mm, Waters Corporation, MA, USA), Toyopearl HW-40C gel (Tosoh Co., Tokyo, Japan), the LiChroprep PR-8 column (Merck, Darmstadt, Germany), and Develosil ODS-MG-5 HPLC column (4.6 i.d. Â 250 mm for analysis and 8.0 i.d. Â 250 mm for preparative use, Nomura Chemical Co., Ltd., Aichi, Japan) were each used for column chromatography.
General procedure. UV spectroscopic data were obtained by high-performance liquid chromatography (HPLC) with a photo-diode array detector (Shimadzu Co., Kyoto, Japan) to monitor at all wavelengths from 190 to 370 nm. Electro-spray ionization mass spectra (ESI-MS) were recorded by an Esquire 3000 plus (Agilent Technologies, Inc., USA). The ESI-MS conditions were as follow: positive or negative ion mode; injection flow rate, 2 ml/min; drying gas (nitrogen) flow rate, 4 l/min; nebulizer pressure, 10 psi (¼ 29:3 kgf/ cm 2 ); drying gas temperature, 300 C; mode scan, 50-1000 m=z. Electron ionization mass spectra (EI-MS) were recorded by a GCMS-QP2010 gas chromatographmass spectrometer (Shimadzu Co., Kyoto, Japan) with direct injection.
1 H-NMR and 13 C-NMR, including HMQC and HMBC experiments, were recorded by a Jeol A-500 NMR spectrometer (Japan Electron Optics Laboratory Co., Ltd., Tokyo, Japan) at 500 MHz for Evaluation of DPPH radical scavenging activity. The DPPH radical scavenging activity was measured according to the procedure of Blois.
12) A-200 mM amount of DPPH in ethanol (75 ml) was added to a 75% ethanolic sample solution (75 ml) in a 96-well microplate. The absorbance at 520 nm was determined after 30 min of incubation at room temperature. The scavenging activity was calculated by comparing the absorbance of each sample with that of a blank containing only DPPH and the solvent. L-Ascorbic acid was used as the positive reference. All analyses were run in triplicate.
Evaluation of the tyrosinase inhibitory activity. The assay was performed according to the procedure of Mason et al. 13) with slight modifications. A 10-ml of amount the test compound solution (dissolved in a 75% MeOH solution) and 180 ml of an assay mixture containing 15 mg of L-tyrosine in a 0.05 M phosphorus buffer (pH 6.8) were added to a 96-well microplate and preincubated at 25 C for 10 min. The reaction was then carried out by adding 10 ml of a tyrosinase solution of 9 units/ml in a phosphate buffer (pH 6.8) and incubated at 25 C for 15 min. The amount of dopachrome produced in the reaction mixture was measured at 470 nm with a microplate reader (Benchmark Plus microplate reader, Bio Rad). The kinetic analysis of the tyrosinase inhibitory activity was obtained by the method of Kubo. 14) Arbutin, kojic acid and L-ascorbic acid were used as the positive references. The tyrosinase inhibition activity was obtained by the following formula:
Tyrosinase inhibition activity (%)
where S is the absorbance of the test sample, B is the absorbance of the blank, and C is the absorbance of the control. Arbutin was used as a positive standard.
Fractionation and isolation of the inhibitory compounds. To prepare the inhibitory compounds, the fractionation of molasses was carried out as described in Fig. 1 . Molasses (80 g) were suspended in water (800 ml) and then centrifuged and filtered. The resulting filtrate was passed through an Amberlite XAD-2 column (3:0 Â 50 cm), and eluted with water (1.8 l), 25% MeOH (1.0 l), 50% MeOH (1.0 l), and MeOH (1.0 l). Those three fractions, excepting the water fraction, were concentrated under reduced pressure to give 25% MeOH (1.97 g), 50% MeOH (2.07 g), and MeOH (0.60 g) fractions. Since the 25% MeOH fraction exhibited the highest tyrosinase inhibitory activity, this fraction was subjected to preparative C 18 column (25 Â 120 mm) chromatography and eluted with 10% MeOH and MeOH. The 10% MeOH fraction (1.29 g) was divided into fractions 1-5 in a Toyopearl HW-40C column (25 Â 650 mm) with 10% MeOH. Fractions 3 to 5 were subjected to a combination of LiChroprep RP-8 column chromatography [MeOH-H 2 O (0:100 to 10:90)] and preparative HPLC [ODS, MeOH-H 2 O-HCOOH (5:95: 0.1)] to isolate the phenyl propanoid glycosides (1, 18.9 mg; 2, 56.4 mg; 3, 40.2 mg; 4, 7.7 mg; 5, 15.7 mg; 6, 6.7 mg; and 7, 4.2 mg), a phenyl glycoside (8, 5.1 mg) and a pyranone (9, 3.1 mg). Each isolated compound was identified by spectroscopic data (ESI-MS or EI-MS, UV, 1 H-NMR and 13 C-NMR, including HMQC, HMBC, and Table 1 . Table 3 . HMBC correlations: H-2/C-3, C-4, C-6, C-1 Table 1 . Table 3 .
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Acidic hydrolysis of glycoside 1 to 8. Each sample (about 2 mg) was dissolved in 1 ml of 0.1 M H 2 SO 4 at 90 C for 2 h. After cooling, the reaction mixture was washed with ethyl acetate, and the ethyl acetate layer was removed (three times). The aqueous layer was neutralized with 0.1 M NaOH, and the neutralized sugar solution was identified by a DXc-500 sugar analysis system [(Dionex Corporation, CA, USA) (column, CarboPac PA 1 (4.0 i.d. Â 250 mm); guard column, CarboPac PA1 GUARD; solvent, 5.25 mM NaOH; flow rate, 0.8 ml/min; detector, electro chemical ED-50, t R 24 min (the same t R as that of D-glucose)].
Results and Discussion
Structures of compounds The 25% MeOH fraction from Amberlite XAD-2 column chromatography was successively subjected the Toyopearl HW-40C, LiChroprep RP-8, and preparative HPLC to afford compounds 1-9 (Fig. 2) .
Acidic hydrolysis of glucosides 1-8 yielded D-glucose. In those 1 H-NMR spectra, the coupling constants of the anomeric protons were 7.3 to 7. 16 ) based on spectral data from 1 H-and 13 C-NMR in methanold 4 (2) and in pyridine-d 5 (4 and 6) (Tables 1, 2, and 3) . The optical rotation agreed well with previously reported data for each. Although the data for the optical rotation of 4 and 6 were smaller than reported 16) (½
D

À20
, c ¼ 0:8, MeOH and ½
D À18
, c ¼ 1:0, MeOH, respectively), it expected that the yields were smaller than those reported. Compounds 8 and 9 were identified as tachioside 17, 18) and 2,3-dihydro-3,5-dihydroxy-6-methyl-4(H)-pyran-4-one [19] [20] [21] (DDMP) by comparing their spectral data with those reported previously.
Compounds 1 (½ ) showed an ½M þ Na þ ion peak at m=z 399 in the positive ESI-MS data. Acidic hydrolysis of 5 afforded D-glucose. The UV and 1 H-and 13 C-NMR spectral data for 5 were similar to those for 4 and 6. The 1 H-and 13 C-NMR spectral data and the HMBC experiment showed 5 to be the same guaiacyl glycerol 3 0 -O--D-glucopyranoside as 4 and 6. The a Chemical shifts of TMS (0.00 ppm) were used as an internal reference standard. stereochemical relationship between C-1 0 and C-2 0 of 5 was decided from a comparison of their 1 H-and 13 C-NMR spectra in methanol-d 4 with those of 2. The chemical shifts at C-1 0 , C-2 0 , C-3 0 of 5 were in good agreement with those of 2. Therefore, the absolute configuration of 5 was concluded to be (
) showed an ½M þ Na ), 17) indicating that 7 was (L)-guaiacyl glycerol 2 0 -O--D-glucopyranoside. However, the absolute configuration of the aglycone of 7 could not be assigned.
Among those isolated compounds, the absolute configurations of 1, 3 and 5 were founded for the first time in this study. Compounds 1-9 have previously been reported in cane molasses, 22, 23) except data concerning the absolute configurations. Although arbutin was detected in cane molasses in a previous report, 22) we could not obtain arbutin from our molasses material as a tyrosinase inhibitor. DDMP has been reported to be present in a wide variety of foodstuffs such as brandy, 24) coffee, 25) soy sauce, 26) strawberry jam, 27) cookies, 28) sponge cake, 29) cooked vegetables and meat, 30) and in cigarette smoke 31) as a flavor compound. Nishibori et al. 32) have reported that DDMP was formed by the Maillard reaction of sugar and selected amino acid.
DPPH radical scavenging activities
The antioxidative properties of the isolated compounds were assessed by their DPPH radical scavenging activity.
12) L-Ascorbic acid was used as the reference antioxidant. As shown in Fig. 3 , all isolated compounds showed DPPH radical scavenging activity. In particular, compound 9 showed the highest antioxidative activity among the isolated compounds, but its activity was lower than that of L-ascorbic acid. Sugarcane contains many phenolic compounds such as polyphenols and flavonoids. [33] [34] [35] [36] [37] [38] These compounds have also been found in sugar products such as syrup, molasses, and brown sugar. 39, 40) In addition, the sugar refining process involves the development of Maillard reaction compounds. The antioxidative properties of Maillard reaction compounds have recently been reported. [41] [42] [43] [44] In our previously work, some phenolic antioxidants were isolated from Kokuto which is a traditional brown sugar, 1) and Payet et al. 2) have assessed the antioxidative activity of brown sugars. In this work, we isolated the DPPH radical scavenging compounds as phenolic compounds and Maillard reaction products in the complex watersoluble fraction of molasses.
Tyrosinase inhibitory activities
As shown in Table 4 , the isolated compounds were subjected to an evaluation of the inhibitory activity against mushroom tyrosinase. The inhibitory activities of the isolated compounds were compared with arbutin, kojic acid, and L-ascorbic acid. Compounds 8 (tachioside) and 9 (DDMP) showed tyrosinase inhibitory activity. The inhibitory activity of compound 8 (IC 50 ¼ 0:32 mM) was at the same level as that of L-ascorbic acid (IC 50 ¼ 0:33 mM), but its activity was lower that those of kojic acid (IC 50 ¼ 0:03 mM) and of arbutin (IC 50 ¼ 0:04 mM). Although compound 8 is a potent tyrosinase inhibitor in sugarcane molasses, 3) compound 9 in this study is the first example as a tyrosinase inhibitor. Tyrosinase catalyzes another reaction, namely the oxidation of o-diphenols to o-quinons (diphenolase activity). The inhibitory effects on the oxidation of L-DOPA of those isolated compounds were tested, but none inhibited the diphenolase activity (data not shown). The inhibition kinetics were studied by a Lineweaver-Burk plot which indicated that 9 behaved as competitive type of inhibitor of the hydroxylation of tyrosine (Fig. 4) , similar to that of kojic acid. Kojic acid is known to be a competitive inhibitor for L-tyrosine and a mixed-type inhibitor for DL-DOPA as well. The concentrations of DDMP for the curves were 0 mM ( ), 0.25 mM ( ), and 1 mM ( ); the enzyme concentration was 180 units/ml. 
